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(57)  The invention relates to a device for changing
pallets (10) in machine tools.

In such device the forks (23) used to manipulate the
pallets, are articulated to a support assembly (25) in a
foldable manner relative to a horizontal axis; in this way
the forks can be folded about the support assembly in
order not to interfere with the movements of the work
table, on which the workpieces to be processed by the
machine tool are placed.

The device is particularly suitable for machine tools
having tilting work tables.

Pallet changing device for machine tools with tilting table
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Description

[0001] The invention relates to devices which are
used in machine tools and in machining centres in gen-
eral, to move the workpiece support planes also known
as "pallets" in the industry; therefore this term which is
already well-established and widespread, will be used
hereafter.

[0002] More specifically, the invention relates to de-
vices of the automatic type often abbreviated as "APC"
(Automatic Pallet Changer), which carry out the function
of loading/unloading processed workpieces and those
to be processed, arranged on pallets.

[0003] These devices are substantially constituted by
a pair of horizontal forks extending from opposite sides
of a central support mechanism, on which respective
pallets are placed; the mechanism rotates the forks
about a vertical axis, inverting the position thereof by
rotation through 180°, following which a pallet that was
on the fork directed towards the outside of the machine
is moved inside, and vice versa.

[0004] Devices of this type are known from Japanese
patents Nos. 4-105834 (in the name of Hamai Sangiyou)
and 9-136236 (Hitachi), and from U.S. patent No.
5,992,608 (Ahn): however, they have configurations
which limit their possibilities of use.

[0005] Indeed, when workpieces of large dimensions
are to be processed or in the case of compact machine
tools, i.e. where the distance between the forks and the
position in which the workpiece is processed is limited,
the forks extend into the operating zone, giving rise to
a series of difficulties.

[0006] First of all it should be noted that the presence
of the forks is incompatible with the movements of the
table where the palletis loaded, if the table is of the tilting
type like for example that referred to in European patent
application No. 1 080 828, in the name of Mori Seiki.
[0007] Indeed it can be appreciated that in such a sit-
uation the two arms of the fork which extend horizontally,
would impede the tilting movements of the table.
[0008] Another disadvantage caused by the presence
of the forks in the work zone, consists in that the shav-
ings produced during the processing are deposited on
the forks and therefore cannot be correctly removed; in
addition, the excessive accumulation of shavings can,
over time, be the cause of malfunctions of the forks or
lead to difficulties during pallet changing operations. In
order to overcome the difficulties set out above, pallet
changing devices have been developed in which the
forks are provided with arms that can be opened wide,
i.e. that can rotate in their plane, in order to move them
away from the work zone with a movement similar to
that of scissors.

[0009] However, a solution of this type is not very suit-
able for processing heavy workpieces because the
weight of the workpieces is supported only by the artic-
ulations of the arms of the forks, thus necessitating a
mechanical over-dimensioning of the structure which
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can sometimes be excessive.

[0010] Alternatively it is possible to use pallet chang-
ing devices other than those having the forks, provided
with slides or carriages movable along guides extending
between the machine tool and the pallet loading station:
this fact substantially increases the time for changing
operations and therefore the whole processing time.
[0011] The present invention aims at overcoming the
disadvantages encountered in the above-mentioned
prior art.

[0012] That is to say, the object of the invention is to
provide a pallet changing device with forks, which has
a high loading capacity and in which the forks can be
moved away from the work zone in order not to interfere
with the movements of the workpiece-carrying table, in
particular in the case of a table of the tilting type.
[0013] This objectis achieved by a device wherein the
forks can be folded with respect to a horizontal axis; in
fact, this configuration allows the forks to be rotated until
they are brought into a vertical plane, thereby eliminat-
ing any obstruction arising therefrom not only in the work
zone, but also in the zone of loading and unloading pal-
lets.

[0014] Furthermore, in accordance with a preferred
embodiment of the invention, the forks are provided with
levers on which actuating means can operate. The ac-
tuating means controls the folding of the forks and com-
pensate for the weight of the load placed on the pallet:
this allows to have a lighter structure of the forks with
respect to the loads which it is able to support.

[0015] The specific features of the invention are set
out in the appended claims; they will be better under-
stood from the example given below with reference to
the appended drawings, wherein:

- Figure 1 is an axonometric view of a machine tool
according to the invention;

- Figure 2 is a detailed view of the pallet changing
device of the machine tool of Figure 1;

- Figure 3 is a front view of the device of Figure 2;

- Figure 4 is a view similar to the preceding one, with
the device being partially sectioned;

- Figure 5 is a section of the device, taken along line
V-V of Figure 3;

- Figure 6 is a detailed view of the upper part of the
device of the preceding Figures.

[0016] With reference to the drawings, Figure 1 is a
top view of a machine tool for chip-forming machining,
in which a spindle 1 having a horizontal axis X, is sup-
ported so as to be translatable along axes Y and Z of a
Cartesian tern lying in a vertical plane, by means of a
system of slides 2 and guides 3 known per se which are
arranged on a portal type support structure 5.

[0017] Infigure 1, behind the structure there is shown
processing unit 7 of a liquid for cooling and disposing
the chips, and an electrical control panel 8, whereas the
work table 9 on which the pallet 10 with the workpiece
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is positioned, is located in front of the spindle 1.
[0018] The table 9 can pivotin a known manner about
an axis transverse to that of the spindle 1 and can also
move off and towards the spindle 1 (along guides which
are not shown in the drawings), between an operating
position wherein a workpiece loaded on the table 9 is
processed by the tool, and a non-operating position re-
mote from the spindle 1, wherein the replacement of the
pallets 10 by means of the device 20 is carried out.
[0019] The device 20 is shown separately in Figures
2 to 6 and, as can be seen, it comprises a general sup-
port frame 21 on which forks 23 and 24 are located at
opposite sides of a central assembly 25 for their opera-
tion and support.

[0020] The assembly 25 comprises a hollow shaft 27
which is mounted on bearings inside a hydraulic cylinder
29, so as to be able to rotate about its own axis; a
toothed wheel 30 is mounted at the upper end of the
shaft 27 so that the latter can slide axially relative to the
wheel, as a result of its vertical movements according
to what will be further explained below.

[0021] The axial sliding of the shaft 27 can be brought
about in any known manner, for example with a splined
joint or others; the hollow configuration of the shaft 27
allows the various tubes for the operating fluids and the
supply lines of the components of the device, to extend
through the shaft 27 as will be explained below. The
toothed wheel 30 engages with a rack 31 which is posi-
tioned in the upper zone of the frame 21 and which is
moved longitudinally by a hydraulic actuator 32 so that,
as a result of its translations, the toothed wheel 30 is
caused to rotate together with the hollow shaft 27, about
a vertical axis V.

[0022] At the lower end the shaft 27 supports a base
35, to which the forks 23, 24 are articulated on respec-
tive assembly pins; the base 35 of the support assembly
25 also houses the various members involved in the
folding of the forks 23, 24.

[0023] Indeed the forks 23, 24 can be folded relative
tothe assembly pins 36, 37 thereof between a horizontal
position for loading pallets and a vertical position, in
which they are moved near the base 35; Figure 5 shows
the fork 23 in the horizontal state with a pallet 10 loaded
thereon, while the fork 24 is arranged vertically in order
to stay within the dimensions of the base 35.

[0024] In this embodiment of the invention, levers 38
and 39 advantageously extend from the opposite side
of the forks, with respect to pins 36, 37.

[0025] These levers are connected to respective hy-
draulic jacks 41 and 42 which control the rotation of the
forks from the horizontal state to the vertical state, and
vice versa, in accordance with the operating phase of
the pallet changing device; for this purpose, the trans-
lating shanks 43, 44 of the jacks extend through a cross-
member 47 which is fixed to the base 35 of the assem-
bly.

[0026] This cross-member acts as a travel limiting
stop for the movement of the levers 38 and 39, when
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the respective fork 23, 24 is located in the horizontal
loading state; this situation corresponds to that shown
in Figure 5 for the fork 23.

[0027] On the other hand, in the vertical state of the
forks, the shank 43, 44 of the relevant jack 41, 42 ex-
tends downwards beyond the cross-member 47, press-
ing the corresponding lever 38, 39; this situation is that
of the fork 24 to the right in Figure 5, where the arrow
indicates the folding rotation thereof.

[0028] The lifting and lowering movements of the cen-
tral assembly 25 are guided in the lower region by a pin
50 on the frame 21, which pin 50 is coupled with a cy-
lindrical sleeve 51 provided on the underside of the base
35 of the above-mentioned assembly.

[0029] From the foregoing it can understood The op-
eration of the device 20 for changing pallets in the ma-
chine tool of Figure 1.

[0030] Indeed, the new pallets 10 with a workpiece to
be processed are loaded on the fork which, at that mo-
ment, is directed towards the exterior of the machine
(the fork indicated 23 in Figure 1).

[0031] After loading the pallet, the central assembly
25 is lifted and rotated through 180° by activating the
hydraulic cylinder 28 and the rack 32 which engages
with the toothed wheel 30: this is made possible by the
axial sliding of the hollow shaft 27 relative to the above-
mentioned wheel.

[0032] Once the rotation is completed, the central as-
sembly is lowered so that the pallet with the workpiece
to be processed, can be put down on the work table 9
which is in the non-operating position remote from the
spindle; at the same time, the pallet with the workpiece
just processed can be removed from the other fork,
which is now on the outside, in order to load a new work-
piece.

[0033] At this point the work table 9 with the pallet
loaded thereon is caused to advance towards the spin-
dle 1, in order to start a new machining operation; the
fork on which the pallet has been placed is moved into
the vertical position, by operating the relevant jack 41
or42.

[0034] The jack is retracted when the machining is
complete so that the fork returns to the horizontal state
ready to receive once again the pallet with the proc-
essed workpiece, which is moved backwards by the ta-
ble 9.

[0035] Atthis pointthe central assembly is lifted again
and rotated through 180° in order to begin a new oper-
ating cycle, as referred to above.

[0036] As it can be appreciated, the pallet changing
device 20 allows the disadvantages encountered in the
prior art to be overcome.

[0037] Firstofallitis evidentthat the capability of fold-
ing the forks 23 and 24 vertically prevents any interfer-
ence with the movements of the work table 9, even in
the case of a tilting table as in the embodiment consid-
ered.

[0038] This result is obtained without any substantial
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increase in the dimensions of the device; in fact, the el-
ements intended to bring about the folding of the forks,
are all housed in the central support assembly 25 of the
forks themselves, which also serves to rotate them
through 180° about the vertical axis.

[0039] In this context it should be noted that the two
jacks 41 and 42 are of small dimensions because they
are used only to rotate the forks from the vertical condi-
tion to the horizontal condition and vice versa, when the
forks are unloaded (that is to say, without pallets); there-
fore, they have to contrast solely the weight of the forks
and not that of the pallet or of a workpiece as well.
[0040] It should be pointed out in particular that the
use of the levers 38 and 39 allows important advantages
to be obtained.

[0041] For example, there are no elements (such as
hydraulic cylinders, mechanisms, etc.) which serve to
fold the forks and which protrude from the plane defined
by them; this allows the loading of a pallet on the forks
not to be obstructed or limited, even for workpieces hav-
ing large dimensions.

[0042] Indeed if actuators along the sides of the forks
and the central assembly (likewise the articulations of
common collapsible tables) were used in order to bring
about the folding of the forks, difficulties could arise in
the case of workpieces which project from the pallet.
[0043] On the contrary, it can be appreciated that,
since the levers are located beyond the folding axis of
the forks, they do not limit in any way the loading plane
of the pallets.

[0044] It should be further emphasised how, in the
horizontal state of the forks, the levers 38 and 39 allow
the weight of the pallet with the workpiece loaded ther-
eon to be balanced without requiring excessive dimen-
sions of the various members involved.

[0045] This is due to the fact that the force to be ap-
plied to the levers is definitely less than that required by
any other type of system for stopping the forks 23 and
24, operating in the region of the articulation pins there-
of.

[0046] Furthermore, the particular solution of the
above-mentioned embodiment in which the cross-mem-
ber 47 constitutes the stop abutment of the levers 38,
39 for the travel limit of the rotation of the forks, avoids
the need to use the jacks 41 and 42 for this function;
indeed it can be appreciated that, in the absence of the
above-mentioned cross-member, the travel limiting ac-
tion would have to be carried out by the jacks.

[0047] Consequently the jacks can now have smaller
dimensions because, as set out above, they are used
only to bring the forks from the horizontal state to the
vertical state and vice versa, when they are not loaded.
[0048] Naturally, variants of the invention are possible
with respect to what has been described above.
[0049] Forexample, it can be understood that the sys-
tems for carrying out the 180° rotation and the lifting of
the forks central support assembly 25, may be quite dif-
ferent from the one shown in the drawings; as a conse-

10

15

20

25

30

35

40

45

50

55

quence the hollow shaft 27 with the toothed wheel 30
and the rack 31 could be replaced by other mechanisms
which serve to the same purposes.

[0050] Likewise, the hydraulic cylinder 28 which lifts
and lowers the assembly 25 vertically could be replaced
by other equivalent means or positioned in a lower re-
gion, instead of in the upper region.

[0051] Itshould be emphasised, however, that the col-
umn type configuration of the entire central assembly
25 allows the means for folding the forks to be housed
therein, without then leading to a significant increase in
dimensions of the device as a whole.

[0052] With regard to the forks, it is also possible to
have different configurations; for example, in accord-
ance with a preferred form, the forks could be made with
a base portion articulated to the pins 36 and 37, to which
the arms are fixed at one side and the levers at the other.
[0053] A similar solution allows an easier mounting of
the forks on the central assembly and the possibility of
carrying out the maintenance of the arms or levers, with-
out having to disassemble the articulation pins 36 and
37.

[0054] It should be also understood that the folding of
the forks could be brought about downwards, instead of
upwards as in the embodiment shown in the drawings;
in such a case there might be changes with regard to
the position of the jacks or the cross-member 47.

Claims

1. Pallet changing device for machine tools, compris-
ing a pair of forks (23, 24), a support assembly (25)
for the forks provided with rotation means (27, 30,
31, 32) in order to rotate about a vertical axis (V),
so as to bring the forks from a pallet loading/unload-
ing position to a work position wherein they are di-
rected towards the machine tool and vice versa,
characterised in that the forks are articulated to
the assembly so as to be rotatable between an op-
erating state, in which they lie in a substantially hor-
izontal plane, and a non-operating state in which
they are folded close to the support assembly.

2. Device according to claim 1, wherein the support
assembly (25) of the forks (23, 24) comprises lifting
means (27, 28) for lifting and lowering the assembly
(25) along the vertical axis (V) of rotation.

3. Device according to claim 1 or 2, wherein the forks
(23, 24) are provided with levers (38, 39) which ex-
tend on the opposite side of the articulation axes
thereof and on which thrust means (41, 42) act in
order to bring about their folding between the oper-
ating and non-operating state.

4. Device according to claim 3, wherein the support
assembly (25) comprises means (47) for stopping
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the folding of the forks (23, 24), against which
means (47) the levers (38, 39) come into abutment
when the forks reach the horizontal operating state.

Device according to claim 4, wherein when the le- 5
vers (38, 39) come into abutment against the stop
means (47), the thrust means (41, 42) do not apply

a force to the levers.

Device according to claim 5, wherein the stop 170
means comprises a cross-member (47) fixed to the
support assembly (25) and wherein the thrust
means comprises jacks (41, 42) having a movable
portion (43, 44) which is connected to a respective
lever (38, 39) of the forks, said portion projecting 75
beyond the cross-member or being retracted rela-

tive thereto in order to allow the abutment of the le-
vers against the cross-member.

Device according to any one of the preceding 20
claims, wherein the forks (23, 24) comprise a base
portion which is articulated to the support assembly
(25) and to which the arms of the forks and the le-
vers (38, 39) are fixed.

25
Device according to any one of the preceding
claims, wherein the support assembly (25) compris-
es a base (35), to which the forks (23, 24) are artic-
ulated and from which a hollow shaft (27) extends
upwards, suspended on a general frame (21) of the 30
device so as to be able to be raised and lowered
along the vertical axis (V) .

Device according to any one of the preceding
claims, wherein in the folded state close to the sup- 3%
port assembly (25), the forks (23, 24) are located in

a substantially vertical plane.
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